Abstract
Introduction
Failures and their related cost in the "Software Hall of Shame" depicted by Charette [1] paint a bleak picture of IS/IT projects in many organizations. IS/IT projects are often seen as disruptions in businesses that could spell disaster for organizations. The distinctiveness of IS/IT projects compared to other types of projects are known by (1) the difficulty in dealing with the volatilities of requirement and scope from numerous stakeholders, (2) the lack of visibility of the projects resulting problems to estimate project completion, and (3) the difficulty in defining precise benefits [2] [3] [4] . Compared to the typical IS/IT projects, large-scale IS/IT projects are recognized by their (1) longer duration, (2) larger requisite resources, (3) more complex IS/IT products, and (4) more involvement of multiple stakeholders [5] . Moreover, the "black swan" IS/IT projects are associated with the occurrence of rare and unpredictable events within project execution which often destructive [6] . These events may be caused by the lack of experience to estimate the IS/IT project risk and the failure to anticipate the interconnectedness of IS/IT projects [6] . The examples of large-scale and "black swan" IS/IT projects show projects which are seemed to take on a life of their own and are often deemed to fail eventually [6] [7] [8] .
Evaluations are promoted to identify issues within project management and obtain early warnings based on the projects' current status; thus, they provide insight into which strategy will be well-positioned to accomplish the IS/IT investment objectives [9] . Farbey, Land and Targett [10] described IS/IT project evaluation as "a process, or group of parallel processes, which take place at different points in time or continuously, for searching and for making explicit, quantitatively or qualitatively, all the impacts of an IT project and the programme and strategy of which it is a part" (p. 190). Evaluation are beneficial since they allow organizations to control projects and to compare the merit and worth of different projects competing for limited resources [11] . Through the use of appraisal methods and techniques, evaluations allow decision-makers to benchmark and define costs, benefits, risks and the implications of IS/IT projects [12] .
However, prior studies reported evaluations of IS/IT projects are challenging despite their importance to make purposeful decisions. Past studies have highlighted difficulty in evaluating progress of the projects [13, 14] . For instance, examination of project reports by Snow & Keil [15, 16] indicated information related to projects' execution often raises ambiguity. Organizations are suspected to have difficulty applying evaluations in practice. Information associated with the project has aroused disagreement among decision-makers and encouraged negotiation regarding the next course of action [17, 18] . Decision-makers may interpret the projects' worthiness from unclear indications and get trapped in dilemmatic situations due to a lack of clarity and understanding of the situations. Thus, decisions are often relied upon personal experiences and judgments [19] and frequently made in so-called equivocal situations.
Equivocality as the heart of equivocal situations is conceived as the important determinant in affecting the continuation decisions. The effects of equivocality on escalation and delayed abandonment are substantiated by experiments conducted in the field of psychology [20, 21] . Arguably, reducing the equivocal situations in project evaluations is desirable to make improved and purposeful decisions as well as to reduce the chance of improper decisions. By subscribing to Bowen's Decision Dilemma theory we follow the conjecture that continuation decisions of IS/IT projects are seen more as dilemmas rather than errors of decision-making which occur when decision-makers have to struggle deciding the projects' next course of action in the face of problematic equivocal situations. Despite support from several studies showing the importance of equivocality in affecting continuation decisions [22] the causes of equivocality are not well recognized.
The studies examining the causes of equivocal situations in IS/IT projects is lacking. Likewise, empirical support to substantiate the relations between the causes and the equivocal situations is still limited. We hardly know what the important causes are. Specifically, we endeavor to address the following research question:
What are the salient causes driving equivocal situations in IS/IT project evaluations and what are the insights that decision-makers need to take into account in continuation decisions?
To glean insights into equivocal situations and their causes during project evaluations we develop a theoretically grounded research model built upon extant studies and utilize a mixed-method research combining quantitative and qualitative methods. We aim to reveal the salient drivers of equivocal situations and provide early evidence of equivocal situations within project evaluations.
Theoretical foundation and hypotheses development
The term 'equivocal information' was introduced by Bowen [23] as information for which multiple (positive or negative) interpretations can be constructed. Based on the Decision Dilemma theory, equivocal information may lead to escalation [23] . When decisions are required in equivocal conditions, project escalations are likely to occur, caused by the belief that commitment of additional resources are economically prudent. The occurrence might also be caused by curiosity to learn or to understand the equivocal situations by means of the upcoming information. It is expected that completing the endeavor will eventually deliver benefits [24] . Escalation occurs when decision-makers assume the information is inadequate and suggest that additional investments will not fulfill expectations. To abandon the endeavor, unequivocal negative information is required; this in order to convince decision-makers the projects are no longer beneficial, implying that even additional resources would not bring success [23] .
We defined equivocal situations in IS/IT project evaluations based on our prior literature review as the state when decision-makers or evaluators encounter a lack of clarity and confusion in deciding upon the continuation of a project, which occur when lack of knowledge or diverse knowledge exists in regard to information surrounding the project, especially its past performance and future attainment.
In this study, the Equivocal situation (ES) construct refers to the extent to which evaluation of the project is hampered by equivocality. We highlighted the characteristics of equivocal situations that can serve as indicators. The equivocal situations are indicated by (1) the lack of clarity of project condition and confusion toward the next course of action; (2) the existence of different interpretations among decision-makers concerning information surrounding the projects; and (3) the indeterminacy of analyzed data to base the decision on. Conceivably, these indicators show the extent of equivocality in the project evaluations. Next, we adapted items from [25] , [26] , [27] and [28] to align our indicators with the extant studies.
Furthermore, extant studies indicated several problems related to equivocal situations. For instance, lack of clarity about projects' success and failure criteria, vagueness of project charter, or ambiguity of information surrounding the projects execution [14, 15, 29] . These problems seem to play important roles in driving the dilemma in project evaluations and hindering purposeful decision-making. We consolidated the identified problems from earlier studies and categorized them into factors posited as the causes of equivocal situations that occur in project evaluations. These factors are described and the hypotheses are developed as follows:
Challenges in project management (CPM) refers to the extent to which the IS/IT project encounters substantial management challenges. Project management practices are requisite to improve estimation of the risks and deterministic for the performance of IS/IT projects [6, 30] . The practices suggest guidelines for successfully handle the projects and avoiding pitfalls during project executions. Erroneously practices are shown to be destructive to the projects leading to improper strategy to accomplish the justified IS/IT investment [31] . For instance, vague project charters in which the projects are planned and defined could lead to equivocal situations [14] . The identified issues within this category are problems in the project planning (CPM1) and monitoring (CPM2), problems in communication among people in the project management structure (CPM3), and problems related to the clarity of the project charter (CPM4) [32, 33] . We hypothesize that (H1): Challenges in project management is positively associated with the occurrence of an Equivocal situation.
Different frames of reference (DFR) refers to the extent to which evaluators/decision-makers have diverse viewpoints when evaluating the project. Decision-makers or evaluators are commonly composed of people from different stakeholders of the projects. They may consist of people from internal and external of the organization who come from different functional areas and/or managerial levels. They work as a group endeavoring to evaluate and decide the continuation of the projects. Arguably, different perspectives and opinions may exist due to different interest and frames of references [14, 34] . Not being able to deal with these issues the condition may promote equivocal situations and deteriorate decision-making [35] [36] [37] [38] . The identified issues within this category are the problem of decision-makers having diverse backgrounds (DFR1) and the problem of decision-makers having uncomplimentary skills or abilities (DFR2) when conducting evaluations [39, 40] . Thus, we hypothesize that (H2): Different frames of reference is positively associated with the occurrence of an Equivocal situation.
Lack of evaluation data (LED) refers to the extent to which evaluators/decision-makers use data surrounding the project to support decision-making. Proper evaluations necessitate continuous data retrieval of the projects execution. The data surrounding the projects is imperative to support decision-making. Lack of requisite data can lower the evaluation quality, which in turn may reduce confidence in decision-making. The lack of data surrounding the project is argued to increase equivocal situations that often lead to decision of escalation; especially data or information on the projects past performance [41] . Prior studies have highlighted the lack of data in term of types, quantity and quality as well as validity and reliability may increase the level of equivocality and worsen the situations [23, 36, 42] . The identified issues within this category are the problems with accuracy (LED1) and availability (LED2) of the requisite data as well as the level of detail of the data (LED3) [43, 44] . Therefore, we hypothesize that (H3): Lack of evaluation data is positively associated with the occurrence of an Equivocal situation.
Based on the literature review and our discussion of sources for equivocality, we present a model of an Equivocal situation as a dependent variable which is affected by three independent variables. Figure 1 illustrates the research model. 
Research design
We constructed the measurement items by adopting scales that were relevant within our constructed factors. The scales were reworded to be suitable within our research domain. Prior to data collection, two rounds of Q-sorting exercises were held. The result of an average "hit ratios" of 86 per cent, an average raw agreement of 85 per cent, and an average Kappa of 83 per cent showed that the items have adequately tapped to our constructed factors [45] . After ensuring substantive validity of the constructs we continued the empirical part by developing the questionnaire based on the result of the Q-sorting exercises. Table 1 shows the measurements of the developed constructs. It was problematic to analyze the condition of the project since insufficient objective data was available to base the decisions on CPM1 The project did NOT adequately set out project milestones CPM2 Senior management did NOT adequately control the project in order to keep it on track CPM3 Ineffective communication among people in the project management structure CPM4 The project charter as the basis for managing the project was vague DFR1 The decision-makers had different backgrounds DFR2 The decision-makers had skills and abilities that complement each other (reverse) LED1 The data used were accurate enough to evaluate the project (reverse) LED2 It is dif¿cult to evaluate the project effectively because some of the data needed were NOT available LED3 The data were at an appropriate level of detail to evaluate the project (reverse)
By using an online tool distributed as a web link, participants were asked to recall a recent review or evaluation of a challenged IS/IT project they involved in and to keep this one project in mind throughout the questionnaire. The equivocal situations in project evaluations were assessed by asking the participants the extent of the occurrence for each of the aforementioned characteristics of equivocal situations. The factors posited to drive equivocal situations were assessed as well. The 7-point Likert scales ranging from (1) Not at all/ Strongly disagree and (7) Very great extent/Strongly agree were used to measure the constructs.
The invitations to participate were sent through several relevant LinkedIn groups and organizations of IS/IT professionals. Calculating Cohen's power of regression analysis at Į=0.05 with a medium effect size (f2=0.15) and a power level of 0.8, a sample of at least 84 was needed [46] . Based on report of the survey's web link around 246 people accessed the survey and 108 participants (44%) completely filled in the survey.
Participants of the survey consist of senior managers of IS/IT -CIO (22%), project managers (21%), and IS/IT managers (19%). The rest includes non-senior or non-managers of IS/IT and other roles such as consultants, auditors, etc. Profile of the chosen projects: 19% was suffering total and substantial abandonment. 51% was categorized as escalated, 26 % was continued as planned and another 5% was answered as "other". 69% was larger and 71% was longer compared to other IS/IT projects undertaken by the organizations. 62% to certain extent suffered from over budget, 78% was behind schedule and 69% was lacking expected requirements or specifications.
Analysis and result
To test the measurement model and to analyze the direction and strength of each relationship we utilized PLS which is well suited for theory building and prediction as well as handling mixed reflective and formative measures [47] . SmartPLS version 2.0 (M3) was used to run the PLS analysis [48] .
Equivocal situations were assessed based on values of indicator loadings, the average variance extracted (AVE), composite reliability, and Cronbach's alpha. All values are higher than the suggested threshold (0.70, 0.50, 0.70, and 0.70, respectively) [49, 50] . A good quality of measurements can be derived from these assessments.
Since the three factors were using formative indicators, an examination of the construct correlations matrix and variance inflation factor (VIF) were necessary to detect the threat of multicollinearity. None of the correlations between constructs are above 0.71, which provides discriminant validity of the constructs [51] . The result for VIF was below 3.3 which suggest no threat of multicollinearity [49, 50, 52] . Furthermore, the formative measurements were examined by running the PLS algorithm to obtain their weights and running the bootstrap to obtain their statistical significance. The number of bootstrap samples was set to 5000 and the number of cases was equal to the original sample [49] . Figure 2 visualizes the PLS result and provides the weights of each items and their statistical significance. CPM3, LED1 and LED3 were reported to be not significant. However, the outer loadings of these items were 0.7, 0.45 and 0.45 respectively and significant. These items then were retained based on [46] . Figure 2 also shows the path coefficients and their significance within the structural model. This specifies that all the hypotheses are supported. The resulted R² was 0.45, which suggests a fairly moderate level [49] . Moreover, the Stone-Geiser Q2 for Equivocal situation was 0.29, which indicates the overall model's predictive relevance and an acceptable model performance [49] . Moreover, the effect size f 2 and q 2 for CPM, DFR and LED are shown in Table 2 . CPM has relatively moderate to strong effect size compare to DFR and LED. Likewise, CPM has fairly moderate degree of predictive relevance compare to DFR and LED.
Figure 2. PLS result (N=108)
The PLS result substantiates the impact of CPM, DFR and LED toward an equivocal situation (ES). Since the independent variables were treated as formative construct, impact of individual indicators on an equivocal situation (ES) can be further determined by evaluating their path weights. Thus, the importance of each indicators associated to the latent constructs are shown by the values of weights. The PLS result shows that (start from the highest value): (1) within the Challenges in project management (CPM), the identified problems which are highly associated with equivocal situations in project evaluations are the inadequate control of senior management (CPM2) and the unclear or vague project charters (CPM4). Additionally, projects which do not adequately set out project milestones (CPM1) will lead to equivocal situations. Within the Different frames of reference (DFR), the identified problems which are highly associated with equivocal situations in project evaluations is the lack of complementary skills and abilities among decisionmakers (DFR2) when conducting evaluations. Additionally, the different background among decision-makers also contributes significantly to equivocal situations (DFR1), e.g., different functional department. Within the Lack of evaluation data (LED), the identified problem which highly associated with equivocal situations in project evaluations is the unavailability of essential data to support decision-making (LED2). 
Post hoc: multi-group analysis
We conducted multi-group analysis by separating the samples into two groups. First, we constructed two groups of public and private sectors based on the industry. Organizations within public sector include education, government, healthcare and non-profit. The rest of the industry is considered as private sector. Prior research of information systems in public and private sectors reported several differences in managing IS/IT projects; hence, these influence the evaluations and the decision-making of the projects. For instance, differences in measuring output or productivity and performance might lead to different manner in decision-making [53] . There are several limitations in the public sector that could lead to different equivocality problems during project evaluations and decision-making, such as divided authority over IS/IT projects, involvement of multiple stakeholders with competing goals, and interrelated internal process [54] .
Second, we constructed two groups of high and low project evaluation ladder based on the taxonomy of IS applications [55] . Project evaluation ladder refers to the different types of IS applications that have different complexity and difficulty when deploying the evaluations [55] . Evaluating high ladder projects are posited to be more experimental and judgmental processes which conceivably have a distinct set of problems leading to equivocal situations [55] . The group of high evaluation ladder includes projects which were aiming for business transformation, strategic system, and new service or product development. The group of low evaluation ladder includes projects which did not have the aforementioned purposes, such as projects aiming for direct value added system, automation, or mandatory changes.
We found several interesting points. First, CPM3 and CPM4 significantly had a strong contribution to CPM construct in the public sector, but not CPM1 and CPM2. Conversely, CPM1 and CPM2 had a strong contribution to CPM construct in private sector, but not CPM3 and CPM4 (although CPM2 was slightly below the significance level of 0.1). It seems that the ineffective communication within people in project management structure (CPM3) and the vagueness of project charter (CPM4) are contributing particularly and have greater impact to the equivocal situations in project evaluations occurred within the public sector compare to the private sector. On the other hand, equivocal situations caused by the Challenge in project management in private sector are more concerned with the project planning and control; these are the inadequately set out project milestone (CPM1) and inadequate devotion of senior management to keep the project on track (CPM2).
Second, within the Different frames of reference construct, the different background of decisionmakers (DFR1) was not significant in the public sector. Equivocal situations within the public sector are solely attributed to the lack of complementary skill and abilities among decision-makers (DFR2) instead of caused by different background of the decision-makers (DFR1).
Third, examination of the groups of high and low project evaluation ladder revealed, intriguingly, comparative results. CPM3 and CPM4 were significant in low ladder projects but not in the high ladder projects. Conversely, CPM1 and CPM2 were significant within high ladder projects but not in the low ladder projects. Likewise, DFR1 was not significant within the low ladder projects. Additionally, LED2 was consistently significant across groups. Table 3 summarizes the findings. 
Post hoc: interview analysis
Around 42 per cent of participants in the survey were willing to discuss their responses further. Hence, post hoc examinations of the survey responses were viable to gain additional insights concerning the relationships among constructs. Explorations on how practitioners cope with the equivocal situations were warranted as well. Based on the participants' responses in the questionnaires, we obtained six interviews with the informants who were involved in the project evaluations and had experience confronting with equivocal situations at the time of evaluations. Three projects were categorized as escalated (i.e., continue with additional resources or continue with reduction) and another three were categorized as terminated (i.e., substantial abandonment or redirection). A mix of informants within the categories of escalated and terminated projects was expected to provide a wide range of insights on the emergence of equivocality and its impact on the project decisions as well as how they coped with the equivocal situations during project evaluations. Thus, we elaborated more on the problems they had and the way they handled them during our discussions. We were able to elicit several interesting points from these post hoc interviews.
First, the vagueness of project charters (CPM4) sometimes prevailed deliberately to ensure flexibility of the projects. This was also related to the organizational culture, as stated by one of the informants " [ 
Discussion
Our empirical data shows significant positive relationships between the three factors and the equivocal situations, which also confirm all the hypotheses. The result implies that the factors and the indicators within them are associated to the occurrence of equivocal situations in IS/IT project evaluations. The model demonstrates a moderate level of R 2 and an acceptable predictive relevance and performance.
Conceivably, we suggest taking the indicators of these factors into account during project execution and before embarking on evaluations. High equivocality in project evaluations is suspected driving the projects to unwarranted escalation and premature termination.
The formative measurement allows for individual indicators assessment that identifies what are the salient problems within each of the factors. Distinct impacts among problems on the occurrence of equivocal situations are provided in the analysis. Positive effects of the factors mean that lessening specific problems within the suggested factors will help organizations to forestall the prevailing of equivocal situations in project evaluations.
The problems which have significant results include (1) improper planning of the project, specifically inadequately set out project milestones (CPM1); (2) improper controlling of the project, specifically inadequate control form senior management (CPM2); (3) the vagueness of project charter as the basis for managing the project (CPM4); (4) difficulty in gaining a mutual perception due to different backgrounds (DFR1); (5) the lack of complementary skill and abilities among decisionmakers to proceed with effective evaluations (DFR2); and, (6) unavailability of data to support the evaluations and decision-making (LED2). However, several impacts of these problems seem diverse across distinct groups of public versus private sector and high ladder versus low ladder projects. Extra attention to these specific problems should be given to projects which fall within these groups. For instance, senior management devotion to control and keep the projects on track is of utmost importance in high ladder project compared to other problems affecting equivocal situations in project evaluations.
Findings from our post hoc interviews with the project stakeholders suggest some relevant issues for practitioners. The five pointers suggest additional insights which need to be considered to cope with the occurrence of equivocal situations in project evaluations, for instance adherence to the project management methods, good practice of communication, and developing a solid steering committee.
Conclusion
This study offers meaningful contributions to research and practice. The utilized mixed-method connects the power of quantitative findings and the strength of qualitative explanations; thus, the study gains more valuable insights [57] . From a theoretical perspective, the study extends the relevance of decision dilemma theory and its application within the information system domain. The study contributes to the development of a model that highlights the essential factors to predict the occurrence of equivocal situations in IS/IT project evaluations.
In a practical sense, the study uncovers the salient drivers of equivocal situations. People in the project management structure and decision-makers as evaluators need to be aware of the characteristics of equivocal situations in project evaluations. To lessen the chance confronting the dilemmatic situations, this study suggests establishing a well-thought-out project management strategy. Such strategy should comprise of well-defined project milestones and project charters, and promote a strong and persistence control from top management. Commitment and involvement of top management are encouraged to make sure valuable evaluations are conducted and proper continuation decisions are taken. The findings also suggest taking into account the diversity of backgrounds, skill, and abilities of the decisionmakers in order to be able to proceed with effective evaluations. Maintaining and assuring the availability of requisite data for evaluation should also lessen the chance of getting into equivocal situations.
Moreover, attention should also be given into which sector (public versus private) and which types of the IS/IT projects (high versus low project evaluation ladder) are being executed, as the impacts of each problems are varied within the two groups. It is highly important to lessen the equivocal situations when dealing with large-scale IS/IT projects in order to prevent the occurrence of rare and unpredictable events during project executions.
Limitation entailed in this study concerns with the way the data was gathered, which makes the results may not be generalizable. The relatively small sample in the multi-group analysis may hamper the computation and the result as well. Thus, the need to obtain larger sample in further studies is critical in order to be able to generalize the findings. Moreover, in-depth further examinations on each significant problem are also warranted.
